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1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewrlh the 
international preliminary examination report and its annexes, if any, established on the international 
application. 

2. A copy of the report and its annexes, if any, lis being transmitted to the International Bureau for 
communication to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of 
the report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or fater in some Offices) 
(Article 39(1)) (see also the reminder sent by the International Bureau with f^orm PCT^BflOl ). 

Where a translation of the international application must be f urnished to an elected Office, that translation 
must contain a translation of any annexes to the international preliminary examination report. It is the 
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices^ see Volume II of the 
PCT Applicant's Guide. 

The applicant's attention is drawn to Article 33(6), which provides that the criteria of novelty. Inventive step 
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international 
preliminary examination and that "any Contracting Slate may apply additional or different criteria for the 
purposes of deciding whether, in that Slate, the claimed bventions is patentable or not" (see also Article 
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for 
enabling disclosure, clarity and support for the claims. 
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1 . This mternallonal preliminary examination report has been prepared by this international Preliminary Examining 
Authority and Is transmitted to the applicani according to Article 36. 



2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

El This report is also accompanied by ANNEXES, i-c* sheets of the description, claims and^br drawings which have 
(^Qen arnendsd and arc the basis for this report andbr sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the AdministraHve Instructions under the PCT}. 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GB 03/D4094 

I. Basis of tlie report 

1 . With regard to the elements of the intemationai application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Articfe 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 

Description, Pages 



1-13 as originally filed 
Claims, Numbers 

1 -55 filed with telefax on 02. i 1 .2004 
Drawings, Sheets 

1/3^ 3j9 as originally filed 

2/3 filed with telefax on 02.06.2004 



2. WHh regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which Is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.T(b)). 

□ the language of publication of the international application (under Rule 48«3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andibr 65.3). 

3. With regard to any nucleotide andJbt amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently lurnished written sequence listing does not go beyond the disclosure 
\n the intemationai application as filed has been furnished. 

□ Tlie statement that the information recorded in computer readable fonn is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

EI the claims, Nos.: 56,57 

□ the drawings, sheets: 
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5, □ This report has been established as if (some of) the amendmonts had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report) 

6. Addrtional observations, if necessary: 

V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or Industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Clainrjs 1-55 

No: Claims 

Inventive step (IS) Yes: Claims 1-55 

No: Claims 

Industrial applicability (lA) Yes: Claims 1-55 

No: Claims 

2. Citaitions and explanations 
see separate sheet 
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Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting sucli statement 

1 . Reference is made to the following documents: 

D1 : EP-A-0 939 1 96 (TOKYO SHIBAURA ELECTRIC CO) 1 September 1 999 
D2: EP-A-0 852 285 (GEN ELECTRIC) 8 July 1998 

2.1 The document D2 Is regarded as being the closest prior art to the subject-matter 
of claim 1 , and shows: 

A turbine blade having at least one internal cooling passage which has a plurality 
of turbulence promoting ribs comprising two rib portions arranged in chevron 
formation, the included angle of each chevron being between 80 and 1 20 
degrees. There is a gap at the apex of each chevron between each rib portion. 

The subject-matter of claim 1 differs from this known turbine blade In that there is 
at least one gap prowded in each of the rib portions. 

The subject-matter of claim" 1 is therefore new (Article 33(2) PCT). 

The problem to be solved by the present invention may be regarded as providing 
a turbine blade having improved cooling. 

The solution to this problem proposed in claim 1 of the present application is 
considered as involving an inventive step (Article 33(3) PCT) for the following 
reasons: 

The provision of gaps in both rib portions of the turbulator (as opposed to having 
one gap at the apex of the chevron) further increases the turbulence in the flow of 
the cooling medium, thereby improving the heat transfer between the cooling fluid 
and the blade. Such a configuration is neither disclosed nor immediately derivable 
from the prior art. 

As claims 49 and 50 contain all the features of claim 1 , they also meet the 
requirements of the PCT with respect to novelty and inventive step. 

2.2 With regard to the subject matter of independent claim 51 , the closest prior art is 



For.T) PCT/Sepiarflte SheeV409 (Sheet 1} (CPO-April 1897) 



INTERNATIONAL PR^^INARY Internalional applicationNo. PCT/GB 03/04094 
EXAMINATION REPORT - SEPARATE SHEET 



document D1 and it shows: 



A turbine blade having at least one internal cooiing passage which has a plurality 
of turbulence promoting ribs wherein at least one of the ribs has a trapezoidal 
cross-sectional shape and extends into the flow. 

The subject-matter of claim 51 differs from this known turbine blade in ttiat the at 
least one rib extends from the channel wall surface at an angle greater than 60 
and less than 90 degrees such that the rib is directed into the direction of the flow 
of the cooling medium. 

The subject-matter of claim 51 is therefore new (Article 33(2) PCT). 

The problem to be solved by the present invention may be regarded as providing 
a turbine blade having improved cooiing. 

The solution to this problem proposed in claim 51 of the present application is 
considered as involving an inventive step (Article 33(3) PCT) for the following 
reasons:. 

The angular orientation of the blades and their cross sectional shape Is such as to 
further increase the turbulence in the flow of the cooling medium, thereby 
increasing the heat transfer between the cooling medium and the turbine blade. 
The teachings of D1 are to prevent generation of swirl of the cooling flow by 
means of an angular dimensional range falling outside the range of that of claim 
51 - As the current application seeks to solve a different problem, ie. to promote 
turbulence, it is not merely a matter of normal design procedure to carry out the 
invention with the claimed angles as there are no teachings in the prior art to do 
so. 

2.3 The same reasoning applies, mutatis mutandis, to the subject-matter of the 
corresponding independent claim 54, which therefore is also considered new and 
inventive. 

2.4 Claims 2-50, 52-53 and 55 are dependent on claims 1, 51 ^d 54 respectively 
and, as such, also meet the requirements of the PCT with respect to novelty and 
inventive step. 
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3.3 Claims 1-55 are deemed to be industrially applicable (Article 33(4) PCT). 

4, Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1 and D2 is not mentioned in the description, nor are 
these documents identified therein. 
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1. A turbine blade having opposing pre^wre and suction 
side walls adjoining at leading and trailing edges of the 

5 blade, and defining at least one internal channel 

providing a flow passage for a cooling uiediwn, said at 
1 feast one channel including a plurality of turbulence 
provQOting ribs mojjnited on a channel wsill surface / wherein 
each rib comprises tv;o rib portions joined at one end 

10 thereof to form a chevron junction, said chevron jtmction 

defining an angle of between 80** and 120* between the two 
rib portion:? and being directed into the flow of the 
cooling medium within the At least one channel , and 
wherein at least one gap is provided in one rib portion, 

IS and at least one gap is f>rovided in tlie other rib 

portion. 

2, A curbine blade a^s claimed in claim 1, wherein one 
rib portion is disposed at an angle of 120" from the 

2 0 other rib portion* 

3* A tuirbine blade as claimed in claim 1 or 2, wherein 
the at least one channel ha.B a jaub^tantially triangular 
c?rosfe-«ectioj4 . 

25 

4. A turbine blade ae claimed in Claim 1 or 2, wherein 
the at least one channel has a substantially circular 
cross -sectional shape. 

30 5, A turbine blade as claimed in any preceding claim, 

wherein adjacent ribss are aligned such that adjacent 
chevron junctions are longitudinally aligned with respect 
to the at least one channel , 
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6^ A turbine blade as cia.iracd in cmy one of claims 1 to 
4, wherein adjacent: ribs ajre misaligned such thai- 
adjacent chevron ^tmctionp are l<Migitudinally offset. 

7. h turbine blade ais claimed in any pracedin<5 claim^ 
wherein the ribs are mounted on opposing sides of the at 
least one channel. 

a. A txxrbine blade as olaitned in claim 7, wherein each 
opposing rib is laterally aligned vjith respect to the at 
lea^t: one channel. 

A turbine blade aii^ claimed in claim 7, wherein each 
opposing rib is laterally offset with respect to the at 
least one channel, 

10. A turbine blad^ ae cl^aimed in any preceding claim, 
wherein the gaps of each adjacent rib are longitudinally 
aligned with respect to the at least one channel • 

XX, A turbine blade as ol aimed in any one of claiTns i to 
wherein the gaps in each adjacent rib are 
longitudinally offset with respect to the at least one 
channel . 

12. A turbine blade as claimed in any preceding claioi, 
wherein the centre of the at least one gap is located 
between 60% and 7 0% along the length of si respective rib 
portion from the chevron juiiction, 

13, A turbine blade as claimed in any preceding claim, 
wherein the centre of the at least one gap is located 
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around two thirda along che length of a respective rib 
portion from the chevron junction . 

14. A turbine blade as claimed in any preceding claioi, 
s wherein at least one o£ the ribs extends pubetantially 
perpendicular trcm nhe suriace of the at least on© 
channel . 

X5- A turbine blade as claimed in an preceding claim, 
10 wherein at least one of the rib© extend© from the surface 

of the at least one channel at an angle o£ between 43* to 
135^ with, respect to the direction of flow through the at 
least one channel, 

15 16, A turbine blade as claimeci in anv preceding claim/ 

wherein at least one of ttie rib3 extends at an angle of 

between ^0*^ to 90"* firom the surface of the at lector one 

channel witii resp«e3t: to the direction of flow 
therethrough , 

20 

17, A turbine blade as GXai«\©d in any preceding claim, 
wherein at least one of the ribs eKtends at an angle of 
between to 79* from the surface of the at least one 
channel with respect to the direction of flow 

25 therethrough • 

18. A turbine blade as .claimed in any preceding claim, 
wherein the ribs have a trapezoidal crops-section. 

30 19. A turbine blade as claitned In any preceding claim, 

wherein the ribs have a cross -section in Tihe form oE a 
parallelogram. 
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wherein the ribs havft a square crosa-secticjn. 

21, A turbine blade as claimed in any pyeeeding claim, 
wherein adjacent ribs are spaced apart by between 4= and 6 



22. A turbine blade a3 claimed in any preceding claim, 
wherein adjacent ribs ara spaced apart by between 4 and 5 
tiuti » 

23. A turbine blade a.s claimed iii any preceding claim, 
wherein adjacent, ribs are spaced apart by 4-4 mm. 

24. A turbine blade claiined in any preceding cliilm, 
wherein the ribs have a height of b&tween and 6.7S 



25 . A turbine blade as clatined in any preceding claims 
whex*ein the ribs have a beight ot between 0.5 and 0,6 mm. 

26. A turbine blade as claimed in any preceding claim, 
wherein the ribs h^ve a height of 0.52 mm. 

27. A turbine blade as claimed xxx s^iiy preceding claim, 
wherein the riba have a width of between 0.45 and 0.75 
mm- 

2Q. A turbine blade as claimed in any preceding claim, 
wherein the ribs have a width of mm. 



mm . 
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id. A turbine blade as elaimea in any preceding claiin, 
wJaorein the goj.ps in the ribs are betwedn D.45 and 0.75 mm 
v/ide . 

S 3 0. A turbine blade as ol aimed in any preceding claitti, 

wtierein the gaps in «ie ribi^ are 0.54 nan wide. 

31, A turbine blade cLaimsd in any preceding claim, 

wherein tjie at least one channel is located in the region 
10 of the leading edge of the blade. 

^2. A turbine blade a^ claimed in any preceding claim, 
wherein the at leaet one channel is dafined by the 
pressure wall^ the i&iicrticn wall and a web portion 
15 extending between tlie pressure and suction walls?, 

33 , A turbine blade as claxtned in any preceding claim ^ 
wherein the rib3 are . located in at least one channel in 
the region of the leading edge of the blade , such that 
20 one rib portion is located on the preeeure wall, and the 

other rib portion iis located on the 3UCtion wall, and tbe 
chevron junction i3 aligned with the leading edge. 

54. A curbirie blade as claimed in any one of claims 1 to 
2^ 30, wherein the at least one channel is located in a mid- 

pasaage of the blade, between the leading and trail jjtig 
edgaa of the blade. 

35, A turbine blade as claitifted in any preceding clainxs, 
30 wherein the blade includes a plurality of internal 

channels . 
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36. A turbine blade as clattned in claim 35, wherein at 
least one of the plux^ity of channels is located in the 
region of the leading edg$ of the blade, and at least one 
channel is located in a mid-passage of the blade, between 
the leading and trailing edges, 

37, A turbine blade as claimed in any preceding Glaiin, 
wherein the at; leaat one channel is of a single pass 



38, A turbiiae blade as cSlaimed in any one of claims 1 to 
36, whex-ein th© at least: one channel is of a serpentine 
form* 

39* A turbine blad<^ a3 claiTtieci in any preceding claim, 
wherein the turbine blade further inclxides a root portion 
and a tip portion, wherein the pressure and suction walls 
and the leading and trailing edge© e^^pd from tfee root 
portion to the tip portion of the blade. 

40^ 'A turbine blade as claimed in claiin 39, wherein the 
cooling mediufa ip supplied to the blade via the root, 
portion. 

41. A turbirie blade a3 «laiined in claim 39 or 40, 
v/herein the root portion is of a £ir-^cree type, 

42. A turbine blade as claiir.ed in claim 39 or 40, 
wherein the root portion is of a dove tail type. 

43. A turbine blade aa claimed in any preceding claim, 
wherein the external ©urface of the turbine blade defines 
a plurality of apertures providing fluid convmunicatlon 



form. 
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" ' between the at least one cooling channel and tlia extexior 

of the blade. 

44. A tiirbine blade am claitnod in any preceding claim, 
5 wherein the cooling wedium is air* 

45. A turbine blade as claimed in any pafeceding claim, 
•wherein the qoclizig meciiuni i© compreseed air fed from a 
compressor, 

10 

46 » A turbine blade as claiitied in any preceding claiiUr 
wherein the turbine blade is a rotor blade of a gas 
turbine engine . 

15 47, A turbine blade as claimed in any preceding claim, 

wherein the blade ia a first etage rotor blade of a gas 
tnrbine engine. 

48. A turbine blade as claimed in any one of claitms 1 to 
20 45, wherein the turbine blade is a ptator blade of a gas 

tiarbine enfirine . ' 

49. A gas turbine engine including a plurality of 
turbine blades, at lea&t one tuxbiiie blade having 

25 opposing pressure and suction side vjalle adjoining at 

leading and trailing edges of the blade ^ and defining at 
least one Internal channel providing a flow passage for a 
cooling medium, said at least one channel including a 
plurality of turbulence promoting cib^s mounted on a 

30 channel wall surface^ v/herein each rib comprises two rib 
portions joined at one end thereof to form a chevron 
junction, said chevron junction defining an angle of 
between 60° and 120*^ between the two rib portions and 
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being directejS into the flow of this cooling medlium within 
the At least one chasnnel, and wheifeia at least one gap is 
provided in one srib pox'tion^ ^nd at le^ati one 9r^p is 
provided in the other jrib portion. 

S 

sd. electrical generating means including^ a gaa turbine 
engine, aaid gas turfoins engine including a pXurality of 
turbine blades, ^t least one turbine bla.4e having 
opposing pressure a;nd suction side w^lls adjoining at 

10 leading £ind. trailing edges o£ the blade, and defining at 

least ome internal channel profviding a flow passage £or a 
cooling medium ^ eaid at leaat on^e channel including a 
plurality of turbulence promoting ribs mounted on a 
channel wall surface, wherein each rib comprlees two rib 

X5 portions joined at one end thereof to form a. chevron 

junction^ said chevron junction defining an angle of 
between 80* and 120** between the two rib portions an.d 
being directed into the flow of the cooling niedium within 
the at least one channel, and wherein at leafft one gap ip 

2 0 provided in one rib portion, and at least one gap is 

provided in the otbar rib portion. 



SI, A turbine blade havq.ns opposing pressure and suction 
side wall0 adjoining at leading and trailing edge© of the 

25 blade, and defining at least one internal channel 

providing a flow passage for a cooling medium^ said at 
least one channel including a plurality of turbulence 
promoting ribs mounted on a channel wall surface, wherein 
at least one rib has a trapezoidal cross- sectional shape 

30 and extends from the channel wall surface at an angle 

greater than 60** and less than 90*, such chat said at 
least one rib is directed into the direction of flow of 
the Goolixig medium within the at least one channel. 
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52. A turbine bl^da defined in claim 51, wherein the 
at least one rib extends frorn the ehanriQl wall surface at 
an angle of between 62^ and 79°. 

53. A turbine blade as defined in claim 51 or 52, 
wherein the arros^- sectional shape of the at leapt one :rib 
is defined by a baj^e and a tip joined by two flanjce 
aligned parallel to each other. 

54. A turbine blade having opposing pressure and auction 
side walls adjoiningr at leading and trailing edges of the 
blade^ and definin^^ at lea^t one internal channel 
providingr a flow passage for a oooling medium, said at 
least one channel Including a plurality of curfculenoe 
promoting ribs mounted on a channel wall fisurfaca, wherein 
at least one rib has a cross -sectional shape in the foarm 
o& a parallelogram and extend© frotn the channel v^ll 
surface at an angle greatezr than $0^ and less than 90^, 
such that said at least one rib is directed into the 
direction of flow of the cooling medium within the at 
least one channel, 

55. A turbine blade a© defined in claim 54^ wherein the 
at least one rib extends from the channel wall surface at 
an angle of between 62*^ and 7^''- 
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